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Introducsion: Interplonetary space is populatad with periéicles in heliccentric
.orbits, This interplanetary material is of great interest Lo astrophysicis: s ‘and

astronautical engineers because meteoritic materiel ray contribute to the ﬁﬁder—-

standing oi‘ the na‘bure and gin of the solar system and may effect the operation

o? space vehlcles. Themrﬁi cosmic dE_S_E,Ea ticles\are often called\mcrome oritese

Their characteristics ars,,stlll poorly knowm, although recent investigations with
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.,w,ﬁités“ﬁl’d”‘z" Kets have contributed considerabls mfom.nm.on. Mach of vhat

s

is known Toout im.erplanemry material of relatively large masses, grnate; the.*.iif
10"" grams, has been obtained from radio and opiical obssrvations of meteors and ot
analysis of metevrites. While meteorites provaviy have origina ated i‘rom the |
asteroids, there is considerable cvidence that meteors o 205535 less than & fow
grams and ricrometeoritcs originated primarily from comets

The sodiacal ligit, as wwll as the Franhofer corona, establishes the axi xstente

of interplanetary particles and is an important sowrce of informavion about fins

Anet. Tmet nﬁ"‘""".’m"““‘"“‘3"*”’“"“““;‘”“1 @ the nucleus of comats are hlﬂ‘ﬂlv
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concentrated near the orbits of the comsvs and are the source of the major
retsor sire2ms. The zodiacal cloud is the near equilibrium distribution of
inserplanctary dust n alned r2inly by the disintegration of new comsis. Thé.
ueteorltic dust is dispersed by several effects in addition to the small in,]z,ction
velocityfrom the cometary nucleus, including light pressure, the solar wind,
solar-radiation drag (as Poyntlng—Rooertson effect), planetary interactions , a'ﬁ
colMsicns with other particles. Dust particles are removed from interplanetary
space by radiation expulsion from the solar system, by solar capture, and by
collisions with the planets. Near the earth at 1 a.u. the zeliocentric
veloc:iiies are about 40 km/sec and the range of geocentric velocities is from

11 km/sec to mearly 75 km/sec.

| Extensive investigations of optical and radio meteors have yielded data on
the distribution of meteor masses, velocities and orbital elements, the seasonzl
gnd diurnal variations in the flux of sporadic msisors, and meteor streans. Thé
cumla tive mass distriution obtained from measurement of the populations of
metsorites and mateors has been extended to small pariicles 3 “he micrometeorita

rgnge from satellite and rocket mezasurements. The material pousently of most

8]

interest in space activities, having sufficigntly hiigh impact rates and largs
eacugn to dame e vehicles are in the mass range below 10""{‘ grans, the present radar
Lin{t, The largest micfometeorites reasured from satellites is aboud 1077 grazs s
leaving a mass rarge ﬁuich must be inberpolated. The dimsct wmsasurexsnts of the,

f
m2gs wistribution, structure, and other properties of micrcieteorites are reviewed

belew,
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atellite reasurementss Dlrch measurements of the flux of micrometeorites have

bean made with acoustical impact detectors, photormultipliers and rocket collec’ion
cystems, Iarge numbers of impacis were recorded from satellites using microgplicne
drtectors beginning with the Zxplorer measurements in 1958. The measurensass
word chavrasterizod by dally fluctuations of immact rate of about an order of
zzinitude. On several occasions meteor showers could positively be identified
as the non-retrograde, sporadic, micromsigorite sircam msasured from Lplorer I
(figure 1). More than ten thousand impacts have been recorded from satelliies;
rearly 21l of them have besen obtainasd with the microphone detsctors. An average
cumul=tive mass distribution curve for the vicinity 6f the earth has been derived
gpom nost of the available direct measurenants obtained with mlcrophone and
photomultiplier systems (figure 2), Alexander et al 1963). The size of plotted
péints is p{ﬁportionalito the estimated statistical weight of the measuremsnts used

in da?lnlng the curve. The microphone data has been cbtained for the mars range

grams. The photomultiplier 1mpact—f;as; results allow an

s ; > » - bt - v
extension of the distribution curve to approinately 10~ g, The exira high
®
influx rates reported from the rockel collectlon cxperimsnt (Fomenway and Sobsrman,

10175 wWere obtained o the altitude region from 80 to 150 km and =z coatain
nuMeYous deceli--cied micrometeorites. The cwmlative wass distributics. curve appears
to coinge slope rapidly with decreasing particle size in thoe mass regic near the

the

Lizit where. solar radiation pressure becomes /predominant forse on the pardiclss

The resuli from the EZmplorer XVI measursnmts ere discussed bolow,
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Ciszlrnar - Interplanctary Spaee: The spatial density of interplanctary dusi

3

inferred from zediacal light measure anats at 1 a.u. is about 10 times less

then that cbtained from the direct measurements from rockets and satellitez.

In cislunar space, the influx rate maasured from Pionger I at geocentric

distances between 6 and 20 earth radii wes found to be about Zl.O;2 tizes lower

than the average mass distribution curve (figure 2). Results from the Soviet

Zuzar probes do not indicats thls type of deviation. The Yariner IT measuremsnts
in irterplanetary space, sensitive to particle impacts of mass 2 x 10 mg, indicated

4
an impact rate 10 times lower than the average mass distribution cwrve and

apprc.dmately the value derived from =odiacal light measursments.

R

7R

Poc}et Collactionss The recent collcctions of micrometeorites with sounding

rockets in the United States and Sweden beginning in 1962 have resulted in new
information about the structure, composition, and flux of partiglesf ,F,?r very
é;nall dust particles, the deceleration heating in the atmosphere is constrained
§ﬁfficierrb1y by radiative cooling to keep the particles from melting. Particles
recovered using clean, controlled collectors arg essentially unchanged stracturally
because the atmospperic deceleration involves sputtering wthout' 2elbing. The
types of particles observed include: (1) extvozsly irregular, o::;:z—structured,
fiuffy particlesy (2; msdiua density, irregular oart,lcles, and (3) hizh densit
sonirizles, which may have melted. The majority of the particles showed no
deTectable crystal patterns. From eleciron probe and neutron activition aralysis
alvm{yum, silicon, titanium, Iron, traces ol nickel, magnesium, calcium and oiher

clements wers found.
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idt, Soberman, and Henenway (19&4) found 10° times more varticles in the rocke’

collections through a noctilucent cloud in Sweder Hyidence of iron particl:

t D

Pe

with high nickel content was found. Although the particles were probably cf
gxtraterrestrial origin, a significant fraction of the particles appears to have
been coated with terrsstrial ice. A sharp cutoff in partlcle distribution function

was fownd to be at 0,05 microns dignster.

uﬂﬂzlztl Iass Pistribution: The cumulative mass distrilbution for interplanetar

dust particles derived from selscted data by McCracken and Dubin (1963) (figure 3),
hzs tsen obtained from the frequency of msieorite falls, from cbservations of

retgors, and?i?omséustimea uremsntu w1th rockets and satellites. The cumulative flux

of mass, m, and larger is nlotted as a function of mass, The dataqutaiﬁéd

from direct measurements and the studies of meteorite falls are plotted directly

in terms of parbicle mass. The data from meleor observations are plotted in

terms of visual magnitude, M s which is a logarithmic measurs of £ luminous intensity.
For razdio meteors the visual magnituds is express d in terms of elzctron lins
density and may be compared to optical meteors in the region of ovarlap. ﬁajdr
uncertainties in the mess to visual magnitude relaticn heve exdeted. The zero

zagnitude nmeteor is plotited at a mass of one granm.
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The influx rate, I may be expressed for different portions o

distribution as foilows:

Brown (2961) log I(m) = -16.16-0.8n 10%z5 n 2104 g
Bawkims (1959)  log I(¥) = -1504 & 0.4 M, ~10< X5 -3
Watson (1958) Xog I(MV) =z =13 OeAI!IV -3 ‘.éI‘-a!v‘% i
7Allman & Burland log I(M ) | - =13.66 x 0.57 U ~10<4¥ < O
(1956) : v v v

- "13 066 3 0.531_" .V. < 3

= ~13.66 % 0.4 3<M,< 10
Hawkins & Upton log I(Mv) = ~14.73%0.538 O<i < 4.1

(1958) |

Kaiser (1961) log I(Mv) = =14.80 ¥ 0.468 M 8§Hr < 10.8
satellites Jog I(m) = -17.30 - 1.70m 10"9% < m<10-6;

The flux of rocket collected particles was found to be provortion to "éﬁ} X ners

x&4/3. The results from the photomstric studies of zodiacal light of Ingham (19561)
and Elsasser (1954) have also been plotted in the appropriate size range, The L
§istr bution was integrated to give the cumnlative size diziribution and convartea
to a par‘ticl;.e flux assuming & mass densi’cy of 1 g/cm3 and &) aversys speed of .

10 kn/sec, This cumulastive influx rate as a function of rzss curv: .:ipresents as

average of exsected conditions near earth and in interplanetary space. The

nechanisn for the difference in flux msasured nsar the earth is presenily ncl

i§

adonately explzined., The cumulative mass distribution curve probably does not
have 2.y large uncertainties. In the msteor range, althou; excursions dwing

wjm meteor shosers occur, the sporadic flux on the &verage convains the wmajority

=2

cf ph;r‘t'ic]es. Tha relative intensities of rearly all +he showers decrsase il
decrensing particle mss. The undertainty in the mss of dust particles frow direct

neasurerenys is small, abdut a factor of 2.



-8 -

less than

BN
(U]

The mass expucied to bs required for penetrating these surfaces
10 7 grams for hard spherical particles. This discrepancy may be partly resolve?
if the impacting particles are mainly of nbe tyre collected with sounding roclots;
lrregular, elongated, low density particlss. Hecently an experimental cibension
of the penctiration depths to very small partliclas hus indicated that penstration
depth does not sxtrapolate linearly with the cube root of the particle =
Driuitolo (vrivate commmication) has compuitéd the decrease in rengvration dspih
expected for cosmic dust partic].e impacts on Sxplorer XVI and found good egresmsnt

with the cumulative mzss distribution curve obtainsd from the microphone

experiment

Concluding Remrks{: The ava lable ihowledge about micronsbeorites indicates a

higher fl; - ‘ th then in interplanetary space. The

mechar S fof‘mmmm the high near-carth flux is not adequately under-

stood. Ottﬁr 'n:easuremen%% support this influx rate. The._i'ureta.ovz) of intsrplanstary

material by the earth is dominated by dust particles with masses lass than 10“8g

and amounts to aboub 104 tons per day. TFurther investigations of micrometsorite

trajectories, composition and structurs are desirabls.
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The effects from hypervelociiy impacts are of intercsi to the

enginesr and for ths calibration of the dirsct measuremsats, Direcht calibration
-3 mateor range of speeds, 20 to 50 km/sec have not been made, bacause of the
difficuliy in simulating the high velocities., The hypervelocity iipact craters
and spallation effects ars proportional to the velocity, mass, and density of t
particle and the propertiss of the target (and particls). At veloccities less than
e Y . . : 2/3 L
U okr/sec the depth of penetration, p, is proportional to W, where +v is the
. > . . 1 ) .
velocity; vhile at higher speed it may depead on v /3. 4 densndence on denSLtyap,,
has been found. A depth of penetration equation of the form
/2 1/2
D = A, (m(n)/(vcos&\) /
T J

maybe used to estimate relative penetration charactsristics. At is a constant
depending upon the properties of the target and v cose-is ths normal component of

the particle vslocity. .

EXPIORER XVI : The rate of penetration of surfaces of large area by micrometeorites
was msasured by Explorer XVI. D'Auitolo (1964) has reported the resulis of
these measurements. The various penstration detsctors coverad an arsa of 2.2
square meters and were exposed in arbit for 220 days. lost of the penetrations
were obtained iIn the pressurized beryllium-ccpper cums with az initial exposed
drea of 1.02 square meters for cams of 25 ricrea (1 mil) thicknsss (fizure 4). Tha

. , . _ _ s b, 2 P
peretratiom rots of the 25 micron cans was 4.4 x 10 /" /sec bassd on 44 penstrations,

A comparison senetration rate based upon 6 penetraetions of thc 29 .icron thick

ctainless steel plates with an initial exposed arcz of 0.345 oeare meters was
(]

” —6 . > £
3= 10 /H?/sec. The influx rates correspond to particles of mass 10 ~“grazs

(zee figure 3).

’S\;;o'q



Plowra 1 Impact rates during ths Feoruary 1958 interplanctary dust
particle event,
TORre 2. An average cumulative mass distribution curve for the vicinity of

,

ths earth derived from availebls direct measurenents ovltained with
microphone and photomultiplier systems.

Figurs 3. OCumulative mass distribution for interplonetary dust particles,
derived from the studies of the frequency of meteorite falls,
from observations of meteors, and from direct measurements obtsined
with rockets and satellites.

Figure 4. Cumulative penetrations recorded on ixplorer VI for the 25 and 51
zicron beryllium-gopper pressurized cells, the 25 and 75 micron

stainless steel plates, and the 51 and 76 diamster copper wire

wound cards, -
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LOG CUMULATIVE INFLUX RATE IN PARTICLES/METER2/SECOND
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LOG CUMULATIVE INFLUX RATE IN PARTICLES/M2/SEC/2TT STER
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